Free cooling is one of the most potential ways of reducing the energy consumption of data centers. Thermosyphon has superior heat transferability thus it is suitable for application in free cooling. However, a separate thermosyphon free cooling system usually cannot provide sufficient cooling capacity in warm seasons. In order to overcome this weakness and avoid two sets of equipment, hybrid system of thermosyphon free cooling and vapor compression refrigeration for data centers has been developed by researchers. The cooling performance of this kind of system depends greatly on the climate outside therefore its applicability in different time and zones needs to be studied. In this paper, the climate data from five cities of different climate zones in China is collected. The performance model of the hybrid system is built up. Based on the climate data and performance model, the annual energy consumption is then calculated and compared with traditional air conditioner. The result shows that the energy-saving potential of the hybrid system varies in different climate zones, and when the mode switching temperature is relatively high, it is distinct in most climate zones of China.
Introduction
In recent years, increasing energy consumption comes with the development of data centers. Electricity used by data centers worldwide increased by 56% from 2005 to 2010.As one of the main facilities of data centers, cooling equipment takes up approximately 50% of the total energy consumption of data centers [1] . Traditional cooling equipment of data centers is a computer room air conditioner (CRAC) based on mechanical vapor compression refrigeration, which consumes a lot of energy mainly due to continuously operation all the time regardless how cold outside. Free cooling, which means using natural climate to cool data centers, is thought to be one of the most potential ways of dealing with this issue. Up to now, several free cooling methods have been put forward by researchers including airside and waterside economizers, heat pipe, thermosyphon and so on. Among these methods, thermosyphon free cooling shows great potential for its superior temperature control features and ability to transfer heat at small temperature difference without affecting indoor humidity and air quality. However, a separate thermosyphon free cooling system usually cannot provide sufficient cooling capacity in warm seasons. Hybrid system of thermosyphon free cooling and vapor compression refrigeration (HSTV) is an ideal way to overcome this weakness and avoid two sets of equipment. Han et al. [2] proposed a HSTV and applied it in cooling of data centers.
The performance of HSTV depends greatly on the environment therefore analysis of its operating performance in different climate zones is necessary. Few studies in this field have been conducted. This paper builds up an energy consumption model of HSTV and analyzes its annual operating performance in different climate zones of China.
Performance model
Several HSTVs have been proposed in recent years. This paper chooses one of them as an example and focuses on evaluating the design rather than the certain equipment developed by researchers. The HSTV proposed by Han et al. is chosen as the prototype of performance model, as shown in Fig. 1 [2] . When the outdoor temperature is lower or the load is small, it works in the thermosyphon mode (a), otherwise in the vapor compression mode (b).
In this paper, it is assumed that the fan and compressor are variable-speed so that the energy consumption is minimum. For the thermosyphon mode, the cooling capacity and energy consumption are calculated in a simplified method [3] . For the vapor compression mode, a simulation model is built to calculate the performances under different operating conditions. To investigate the energy-saving effect, the performance of traditional air conditioner (TAC) is also calculated for comparison and the same model with the vapor compression mode is used.
The input power of the HSTV and TAC changing with outdoor temperature is shown in Fig. 2 . The cooling capacity is set to 5kW and the indoor temperature is set to 27 o C. The temperature for mode switching is set to 12 o C and 17 o C in 2 (a) and 2 (b), respectively. 
Analysis of the annual performance
The hourly temperature data is obtained from weather monitoring stations across China from 1971 to 2003 [4] . These weather monitoring stations are located in five main cities of China: Harbin, Beijing, Shanghai, Chengdu and Guangzhou. Table 1 gives a summary of the locations of weather monitoring stations considered.
In this paper, we focus on the energy consumption of the cooling system for a single rack in data centers, therefore the cooling load does not change with the outdoor temperature. The cooling load of the rack is set to 5kW and the indoor temperature is set to 27 o C. The mode switching temperature is set to 12 o C and 17 o C, respectively.Based on the energy consumption model and the climate data, the annual energy consumption (AEC) is calculated and compared in Table 1 .It can be seen that the energy-saving effect is greater in cold zones and seasons, and itis notable in most cities of China except Guangzhou when the mode switching temperature is 12 o C. When the cooling capacity of the thermosyphon mode is improved and the mode switching temperature increases to17 o C, the energy saving rate increases due to the longer running time of the thermosyphon mode. The energy-saving effect will be distinct even in Guangzhou when the mode switching temperature is 17 o C. However, improving the cooling capacity of the thermosyphon mode is limited by the equipment size therefore optimized design considering both equipment size and energy saving rate is needed.
The annual performance of HSTV and TAC in Harbin with the mode switching temperature of 12 o C is shown in Fig. 3 .The hourly energy consumption changes with the outdoor temperature and is significantly reduced in colder seasons. The performance models of a hybrid system of thermosyphon free cooling and vapor compression refrigeration and a traditional air conditioner are built in this paper. Based on the climate data of five cities in China, the annual performances are calculated and compared. The result shows that the energysaving effect of the hybrid system is notable in most cities of China except Guangzhou when the mode switching temperature is relatively low. By optimizing the control strategy for mode switching (improving mode switching temperature is the simplest method) or improving the performance of vapour compression mode and thermosyphon mode, the energy-saving effect will be distinct even in Guangzhou. Therefore, we speculate that in most zones in the world, hybrid system of thermosyphon free cooling and vapor compression refrigeration has a great potential in energy conservation of data centers.
